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GASTRIC SUBMUCOSAL TISSUE AS A NOVEL 
DIAGNOSTIC TOOL 

CROSS REFERENCE TO RELAXED 
APPLICATIONS 

[0001] This application is a continuation of U.S. applica- 
tion Ser. No. 09/319,841 filed Jun. 10, 1999, which isTu S 
national application of international application Ser No 
PCT/US97/22729 filed Dec. 10, 1 997, which daiL prioS 
D 7n P i r oT S10naI applicati0D Ser - No - 60/032,686 filed 

HELD OF THE INVENTION 

[0002] The present invention relates to a submucosal 
tissue composition and the use of those compositions to 
promote growth of fastidious cells. More particularly the 
present invention is directed to the use of submucosal tissue 
cell culture substrates to enhance the in vitro growth, and 
thus the identification and diagnosis, of vertebrate infections 
agents. 

BACKGROUND OF THE INVENTION 

[0003] Bacteria are a diverse group of organisms that live 
in a broad variety of environments. In particular, many 
bacterial species live both on and in vertebrate hosts. Bac- 
teria that colonize the interior spaces of vertebrates typically 
exhibit specific interactions with the tissues that comprise 
Uie bacteria s optimal habitat in the host organism. Many 
bacteria express adhesions having fine tuned specificities for 
interacting with eukaryotic cell-surface proteins or carbo- 
hydrate structures so that only a restricted range of hosts and 
Ussue that carry the appropriate receptors are available for 
bacterial colonization. 

[0004] For example if bacteria cannot adhere to the 
mucosal layer of the vertebrate digestive system they will be 
removed rapidly by the local non-specific host-defense 
mechanisms (peristalsis, ciliary action and turnover of the 
epithelial cell populations and mucus layer). In addition 
competition between bacteria for space and nutrients, and 
bacteria tolerance of biochemical parameters such as pH and 
antimicrobial peptides, select for bacterial species/strains 
that can colonize specific niches. The result of this selective 
process is often referred to as tissue tropism. 

[0005] New strains of bacteria are continually being dis- 
covered as techniques for their detection improve However 
many detected strains have proven to be difficult to culture' 
outside then- natural micronenvironment due to the unique 
culture conditions required by these organisms. According v 
researchers attempting to culture microorganisms try to 
provide an in vitro microenvironment which mimics the in 
vivo environment in which the microorganisms grow. The 
ability to propagate microorganisms in vitro is of particular 
importance for the identification of infectious and patho- 
genic organisms, and for diagnosis of diseases. In addition 
an in vitro microenvironment which mimics the in vivo 
environment enables the study of such organisms in vitro. 
[0006] Many infectious agents when placed on existing 
culture media often fail to grow and therefore are not 
detected, given the state of the present technology. One 
medically significant organism that has proven difficult to 
culture in vitro is Helicobacter pylori, a gram negative spiral 



shaped microaerophilic bacteria. H. pylori live in the 
mucous layer lining the stomach of vertebrate species and 
are partially protected from the stomach's acid by the 
mucosal layer. The organisms secrete proteins that interact 
wuh the stomach's epithelial cells and attract phagocytic 
cells, such as macrophages and leukocytes, and those phago- 
cytic cells induce inflammation and gastritis. In addition the 
bacteria produce urease, an enzyme that betas to break down 
urea into ammonia and carbon dioxide. Ammonia can neu- 
tralize stomach acid allowing further proliferation of H 
pylon. H. pylori also secretes toxins that contribute to the 
formation of stomach ulcers. H. pylori has been suggested to 
be a causative agent of chronic active gastritis and gastric 
duodenal ulcers. More recently, H. pylori infections have 
also been associated with the development of gastric adeno- 
carcinoma and mucosa-associated lymphoid tissue lym- 
phoma of the stomach.. 

[0007] Many bacteria cannot survive in an acidic environ- 
ment, however H. pylori are not the only bacteria capable of 
colonizing the surface of a primate's stomach. Since the 
discovery of H. pylori bacteria, scientists have isolated 11 
other organisms from the stomachs of other primates such as 
dog, cats, rodents, ferrets and even cheetahs. These bacteria 
for now are considered to be members of the Helocobacter 
™^ ^ ^ sb »P«i highly mobile, properties 
that enable them to resist muscle contractions that regularly 

K f% S tf maCl \7 1CSe 0r B anisms &™ best at oxygen 
levels of 5% matching the level found in the stomachs 
mucus layer (ambient air is 21% oxygen). 

[0008] Surveys using an antibody-based blood test to 
reveal the presence H. pylori have indicated that one-third to 
one-half of the world's population carry H. pylori. In the 
United States and Western Europe children rarely become 
infected, but the bacteria's prevalence rises with age such 
Uttt more than half of all sixty year olds in those countries 
have the bacteria. In contrast, sixty to seventy percent of the 
children in developing countries show positive test results 
by age 10, and the infection rate remains higher for adults 

"„ tl0n * ako con ™on «n institutionalized 
children H. pylori is capable of long term persistence in 
un reated individuals, and in the absence of treatment H. 
pylon remains persistent in the gastric mucosa for the 
liteume of the host. 

[0009] Although blood tests are useful for an initial screen 
for detecting the existence of an H. pylori infection, The 
blood test is based on detecting antibodies to H. pylori and 
tiius is not a direct test for the presence of viable H. pylori 
bacteria Screening for antibodies only provides information 
on whether the individual has been exposed to H. pylori 
Furthermore, the blood test is know to give false positives.' 
The present invention describes a direct assay for the 
presence of H. pylori that utilizes a unique cell culture 
matrix to grow H. pylori. 

[0010] In 1983 H.pylori were cultured in vitro for the first 
time by using a complex media (Walkers media) and extend- 
ing the culturetimeperiods (5 days instead of the normal 2 
day culture). This remains the current method for growing 
H. pylon, and accordingly, the method suffers the disadvan- 
tage of requiring long incubation times and the use of 
expensive complex media formulations. Furthermore, the 
presently used culture media fail to mimic the natural in vivo 
environment of H. pylori. Cellular morphology and meta- 
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bolic activity of cultured cells are affected by the composi- 
tion of the substrate on which they are grown. Presumably 
cultured cells function best (i.e. proliferate and perform their 
natural in vivo functions) when cultured on substrates that 
closely mimic their natural environment. Therefore, current 
studies of cellular function that are based on the in vitro 
growth of H. pylori, are limited by the lack of cell growth 
substrates that present the appropriate physiological envi- 
ronment for proliferation and development of the cultured 
cells. The compositions of the present invention provide a 
more appropriate physiological growth environment than is 
currently available for growing cells that naturally occupy 
the stomachs of vertebrate species. 

SUMMARY OF THE INVENTION 

[0011] The present invention is directed to an extracellular 
matrix, comprising vertebrate submucosal tissues, that pro- 
vides the necessary microenvironment to allow the in vitro 
culture of fastidious organisms. Naturally occurring extra- 
cellular matrices have the ability to serve as a substrate for 
the growth of prokaryotic organisms, fungal agents and less 
well defined infectious agents of different genus and species 
which are difficult to grow in standard culture media. The 
extracellular matrixes of the present invention enhance the 
growth, and thus the detection of, and diagnosis of disease 
states caused by, these organisms. Likewise, cell culture 
substrates comprising submucosal tissue isolated from the 
stomach, the urinary tract, or the intestines can be utilized to 
mimic the natural in vivo environments of those tissue 
source organs. Thus cells growing on such substrates in vitro 
wiD provide more physiologically relevant data regarding 
the susceptibility of these oigamsms to various potential 
therapeutic agents. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] Definitions: 

[0013] The term "contacting" as used herein with refer- 
ence to cell culture is intended to include both direct and 
indirect contact, for example in fluid communication, 
between the submucosal tissue and the cultured cells. 

[0014] ^ The term "conditions conducive to fastidious cell 
growth" and "conditions conducive to prokaryote cell 
growth" as used herein refer to the environmental condi- 
tions, such as sterile technique, temperature and nutrient 
supply, that are considered optimal for the growth of those 
cells. Typically those conditions will mimic the conditions 
the cells are exposed to in their natural habitats. 

[0015] The term "fastidious organism" or "fastidious cell" 
as used herein refers to organisms or cells that fail to grow 
(or grow very slowly) on standard growth substrates. In 
particular, fastidious organisms include prokaryotes, fungal 
agents and less well defined infectious agents of different 
genus and species which are difficult to grow in standard 
culture media. 

[0016] There is provided in accordance with this invention 
a method and composition for supporting the proliferation, 
in vitro, of fastidious organisms. Generally the method 
comprises the step of contacting the fastidious cells, in vitro, 
with a vertebrate submucosa-de rived matrix under condi- 
tions conducive to the growth of those cells. 



[0017] The submucosa derived matrices for use in accor- 
dance with the present invention comprise highly conserved 
collagens, glycoproteins, proteoglycans, and glycosami- 
noglycans in their natural configuration and natural concen- 
tration. The submucosal tissue for use in this invention can 
be obtained from various organ sources, including stomach, 
bladder or intestinal tissue harvested from animals raised for 
meat production, including, for example, pigs, cattle and 
sheep or other warm-blooded vertebrates. This tissue is 
normally a discarded by-product of meat processing. The 
tissue can be used in either its natural configuration or in a 
comminuted or partially digested fluidized form. Vertebrate 
submucosal tissue is a plentiful by-product of commercial 
meat production operations and is thus a low cost cell 
growth substrate, especially when the submucosal tissue is 
used in its native sheet configuration. 

[0018] In general submucosal tissue is prepared from 
warm-blooded tissues including the alimentary, respiratory, 
intestinal, urinary or genital tracts by delaminating the 
submucosa from both the smooth muscle layers and the 
mucosal layers. The preparation of intestinal submucosa is 
described and claimed in U.S. Pat. No. 4,902^08, the 
disclosure of which is expressly incorporated herein by 
reference. Urinary bladder submucosa and its preparation is 
described in U.S. Pat. No. 5,554,389, the disclosure of which 
is expressly incorporated herein by reference. Stomach 
submucosa has also been obtained and characterized using 
similar tissue processing techniques. 

[0019] In accordance with one embodiment, the cell cul- 
ture substrates comprise stomach submucosa derived from 
stomach tissue of a warm-blooded vertebrate. The wall of 
the stomach is composed of the following layers: the tunica 
mucosa (including an epithelium layer, a tunica propria layer 
consisting of reticular or fine areolar tissue, and a glandular 
layer), the tunica submucosa layer (composed of areolar 
tissue and lacking glands), the tunica muscularis layer 
(composed of three layers of muscle), and the serosa (a layer 
of mesothelium outside the loose connective tissue which 
invests the muscle layers). Blood vessels, lymphatic tissue 
and neurological tissue also pervade the stomach tissues 
including the tunica submucosa. 

[0020] Stomach submucosal tissue in accordance with the 
present invention comprises stomach submucosa delami- 
nated from the glandular portion of the tunica mucosa and 
the smooth muscle layers of the muscularis externa. The 
composition has proven to have the ability to induce cell 
growth and proliferation in vitro, when used as a growth 
substrate material. In particular a cell substrate comprising 
stomach submucosal tissue has been found to enhance the in 
vitro growth of organisms that naturally inhabit the stomach 
of primates. Furthermore the material can serve as a useful 
tool for evaluating the natural patterns of growth and pro- 
liferation of culture of pathogenic organisms thus allowing 
better characterization of the pathogenesis of the disease 
process. 

[0021] The submucosal cell culture substrates in accor- 
dance with one embodiment of the present invention com- 
prises stomach submucosa of a warm-blooded vertebrate 
delaminated from adjacent stomach tissue layers. In one 
embodiment the stomach submucosa is prepared from the 
stomach tissue of primates or other acid producing tissues of 
vertebrate digestive tracts. 
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[0022] In accordance with one embodiment, the oresem 
submucosal cell culture substrates comprise sur,™ 
ddammated from the smooth muscle layers of the ™ 
Urn externa and a, east the luminal portion of the mucosal 
kyer of a segment of the stomach of a warm-blooded 
vertebrate. In one embodiment, the submucosal rSsue^ 
^ f^T^ mDica ^mucosa and basilar por- 
ver^r 0 ^ 6 ^ 7? ° f thc *omach of a warm blooded 
K ™ v 2' P1Ca ?- y deIamina *>o technique described 
below provides a tissue composition consisting essentially 
of stomach submucosa. Those compositions art referred to 
herein generally as stomach submucosal tissue 

[0023] The preparation of stomach submucosal tissue 
from a segment of stomach is similar to the procedure for 
preparing intestinal submucosal tissue as detailed in US 
Pat. No. 4 902,508, the disclosure of which Texlssfy 
Et,^ "y reference. A segment of S 
toue is first subjected to abrasion using a longitudinal 
wiping motion to remove the outer layers (particularly the 
smooth muscle layers) and the luminal portions of to IE 
mucosa layers. The resulting submucosa tissue has a 5 
ness of about 100 to about 200 micrometers, and coS 

b^XSJ**?? ^ 98%) ° f aCeUular ' "'sinophilic stain 
mg (H&E stain) extracellular matrix material/Occasional 

scattered randomly throughout the tissue. Typically the 
submucosa is rinsed with water for approximately 2 houre 

[0024] Fluidized submucosal tissue can be prepared in a 

31 J° 5 re P aration of Auidiad intestinal 
submucosa, as desenbed in U.S. Pal. No. 5,275,826 the 

reference. The submucosal tissue is comminuted by tearing 
cutting grinding, shearing and the like. Grinding the sub-' 
mucosal t^sue in a frozen or freeze-dried state is preferred 
although good results can be obtained'as well by subjecS 
a suspension of submucosal tissue pieces to treatment in a 
high speed Oiigh shear) blender and dewatering b, 11- 
fugmg and decanting excess water. Additionally, the com- 
minuted fluidized tissue can be solubilized by enzymafc 
digesuon of the submucosal tissue including ^ S 

IZ^ S ' ""*■ " "W™ 0r or 0 *™ appropriate 

enzymes or mixtures of enzymes, for a period of rime 

SET t °„ S0lubll,2e ™« *™ ™* form a subsUn.ially 
uniform or homogeneous solution. 

[0025] The present invention also contemplates the use of 
£nwl er fomS f "bmicoMl tissue. In one embodiment a 
powder form of submucosal tissue is prepared by pulveriz- 
mg submucosal tissue under liquid nitrogen to produce 
particles ranging in size from 0.1 to 1 mm 2 The particulate 
composition is then lyophilized overnight and sterilized to 
iT™, ? ™ b y*°™ Particulate composite. 

Y-5° W ? er f0nD of SU °™«*»I tissue can be 
formed from fluidized submucosa by drying the suspensions 



peraceuc acid I sterilization. A sterilization technique which 
doesno, sigmficanUy weaken the mechanical strength aS 
"^f P'FPfl 68 of the graft is preferably used. For 
? ^ u d U " t StaDn S ^tion ma? 

TV ™ ffab material - Because one of 
the most attractive features of the submucosa grafts is their 
ability to induce host-remodeling responses? ifHesfrable 

that property. Preferred sterilization techniques 
nS ^ ft D to Peptic acid, low dose JSS 
irrathauon (S 2 .5 mRad) and gas plasma sterilizationTr! 
S d *» being the most preferred method 
TypicaUy, after the tissue graft composition has been ster- 

w^f'^H ™ m ?°T° a * ™ Pptd ™ a non-porous plastic 

^d P iZn S ? ri ^ ed ae!Un ^ et °y lene or gamma 
irradiation sterilization techniques. 

[0027] The submucosal tissue compositions of the present 
mvention are used in accordance with this invent Ta 
mefood and composition for promoting the growth and 
prohferauon of fastidious cell cultured m vitro* cTerat 
the method compnses the step of contacting fastidious «Sh 
in vitro, with a venebrate submucosa -derived matrix under 
conditions conducive to cell growth. Although optimum eel 
culture conditions used for culturing cells, such as prokary. 
^depend somewhat on the particular cell type, cell 
growth conditions are generally well known in the art 

[0028] Stomach submucosal tissue of warm blooded ver- 
tebrates is one preferred source of the cell culture substrate 
for use in this invention. Applicants have discovered that 
compositions comprising stomach submucosal tissue can be 
used for supporting growth or proliferation of fastidious 
prokaryotic cells in vitro. Stomach submucosal tissutca Z 
used in accordance with this invention as a cell growth 
substrate in a variety of forms, including its native sheet-like 
configuration, as a ge matrix, as a supplemental component 
m art-recognized cell/tissue culture media, or as coating for 
cultureware to provide a more physiologically relevant 
substrate that supports and enhanced the proliferation 
cells m contact with the submucosal matrix. The submucosal 
tissue k preferably sterilized prior to use in cell culture 
applications. 

En lD °u e pI 2 erred emb odiment fastidious prokary. 
otic cells, such as H. pylon, are seeded directly onto sheets 

conducive to prokaryotic cell proliferation. The porous 
nature of stomach submucosal tissue allows diffusion of cell 
nutrients throughout the submucosal matrix™Tte for 

ablununal surface of the stomach submucosal tissue The 
ktmnal surface is the submucosal surface facing the lumen 
of the organ source and typically adjacent to an inner 
mucosa layer in vivo whereas the abluminal surface is the 

n ^ &dDg 3Way ftom the lumen of the organ 
and typcally in contact with smooth muscle tissue in vrvo 



[0026] The present submucosal tissue compositions may 
be sterilized using conventional sterilization techniques 
jncluduig unnu g with glutaraldehyde, formaldehyde tan- 

^ men, ^ °Xide 

treatment, gas plasma stenhzation, gamma radiation, and 



£030] To analyzing m vitro the effect of varying cell 
growth ^ conditions on the growth characteristic^ of the 
cultured cells, the cells are seeded on a cell growth substrate 
compnsing stomach submucosal tissue of fSS2S2 
vertebrate and provided a culture medium containing nutri- 
ents necessary to the proliferation of said cells. The seeded 
cdk are then cultured under a preselected variabk" U 
growth condition for varying lengths of time and then the 
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mucosal tissue substrate and the cell population on the 
subswte are histologically examined. He selected growth 

™tT^ ** tbC preSenoe or concentration of a cell 
growth modifier compound, such as cytokines or cytotoxic 
agems in the nutrient medium. Alternatively, the selected 
growth common may be the modification of environment 
factors such as temperature, pH, electromagnetic radiation, 
or nutrient composition. The effect of the selected growth 
wndihon on the morphology and growth of the cells can 
then be assessed by histological analysis of the control (cells 
cultured in the absence of the selected growth condition) and 
the test cell cultures. 

[0031] In another embodiment of the present invention 
cell growth substrates in accordance with the present inven- 
tion are formed from fluidized forms of submucosal tissue 
tot have been solubilized by enzymatic digestion. Hie 
fluidized, digested submucosal tissue can be gelled to form 
a sohd or semi-solid matrix, for example, stomach submu- 
cosal tissue can be fluidized, enzymatically digested and 
gelled to form a gelled cell culture substrate comprising 
stomach submucosal tissue. The viscosity of fluidized sub- 
mucosa for use in accordance with this invention can be 
manipulated by controlling the concentration of the submu- 
cosa component and the degree of hydration. The viscosity 

T^? 1 ^ '° a ^ of about 2 to ab °»t 300,000 cps 
at 25 C. Higher viscosity formulations, for example, eels 
can be prepared from the submucosa digest solution! by 
adjusting the pH of such solutions to about 6.0 to about 7 4 
Eukaryotic or prokaryoUc cells can then be seeded direcdy 
on the surface of the matrix and cultured under conditions 
conducive to cell proliferation. 

[0032] The cell growth substrate of the present invention 
cap be combined with nutrients, including minerals, amino 
acids, sugars, peptides, proteins, or glycoproteins that facili- 
u e cellular proliferation. In one preferred embodiment 
fluidized or powder forms of submucosal tissue can be used 
to supplement standard culture media to enhance the stan- 
dard media's capacity for sustaining and inducing the pro- 
liferation of fastidious cells cultured in vitro. 

[0033] In accordance with the present invention there is 
provided a cell culture composition for supporting growth 
in vntro, of fastidious organisms (including both eukaryotic 
and prokaryotic organisms), the composition comprising 
submucosal tissue of a warm-blooded vertebrate. The com- 
position may further comprise added nutrients, and/or 
growth factors required for optimal growth of the cultured 
cells. The submucosa substrates of the present invention can 
be used with commercially available cell culture liquid 
media (both serum based and serum free). When grown in 
accordance with this invention, proliferating cells can either 
be in direct contact with the submucosal tissue or they can 
simply be in fluid communication with the submucosal 

EXAMPLE 1 
[0034] Preparation of Stomach Submucosal Tissue 

[0035] The tissue graft material of this invention is pre- 
pared in accordance with the following steps: 

[0036] The stomach is first removed from the animal 
source by cutting the esophagus and small intestine at their 
respective entrance and exit points on the stomach. Any 



excess mesentery tissue or fat is removed from the stomach 
and the contents of the stomach are emptied and any 
remaining residues are removed from the inside of the 
stomach by rinsing with running tap water. 

[0037] The stomach is then everted to expose the inside 
kyers of the stomach. The portions of the stomach that begin 
to form the entrance or exit points of the stomach are 
removed. The stomach is typically left whole, however the 
stomach can also be cut and flattened prior to removal of 
unwanted tissues. The luminal surface of the stomach is 
subject to abrasion using the handle portion of a pair of 
scissors or hemostats to scrape off the inner layers of the 
stomach including at least the luminal portion of the tunica 
mucosa. A thin residual layer will remain at this point. If the 
ussue was left whole, the stomach tissue is everfed again to 
return the luminal surface of the stomach to the interior of 
»°f^-Asmall cut is then made in the exterior 
muscle fiber layer. The muscle layers are then delaminated 
from the submucosal tissue through the use of a pair of 
scissors or hemostat to enlarge the cut in the muscle and 
scrape off the muscle layers. 

[0038] The remaining tissue is everted again to place the 
luminal side on the exterior of the tissue graft. The luminal 
surface js scraped to remove the remaining inside residue 
which has a brownish color. The stomach tissue is scraped 
until the tissue appears pinkish-white in color. During the 
preparation of the stomach tissue care is taken to keep the 
tissue by periodically hydrating the tissue with water The 
stomach submucosa tissue is rinsed in running tap water for 
approximately two hours to remove any blood or loose 
tissue scrapings. After rinsing the tissue should appear 
white if the tissue remains pinkish in color the tissuVis 
rubbed under water until the tissue appears white. After 
raising is complete excess water is removed by ringing the 
tissue by hand or the use of mechanical ringers. The tissue 
is men stored in liquid nitrogen at -80° C°. 

EXAMPLE 2 

[0039] In-vitro Cell Growth Properties of Stomach Sub- 
mucosa 

[ - <01 ,, V* abiUly of stomach submucosa to serve as an 
extracellular matrix to support in-vitro cell growth was 
tested by applymg several cell types to the stomach submu- 
cosal tissue surface under standard cell culture conditions 
The cell types tested included 3T3 fibroblasts, intestinal 
epithelium cells, and FR (fetal rat) mesenchymal cells. All 
three cell types showed the ability to proliferate readily upon 
this extracellular matrix without the addition of the supple- 
ments thatwould be needed to grow these cells on a plastic 
surface. Therefore, it can be concluded that the material 
contains necessary structure and composition "nutrients" to 
serve as a cell culture substrate for supporting cell growth. 

EXAMPLE 3 
[0041] Kirby-Bauer Test 

[0042] To determine if stomach submucosa inhibits the 
growth of H pybri, a Kirby-Bauer test was conducted 
Individual colonies otH. pylori were isolated from a choco- 
late agar plate and used to inoculate a 1 ml. solution of sterile 
saline in a small tube. This sterile saline solution was then 
used to inoculate a chocolate agar plate through the use of 
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a sterile cotton swab. A small piece of stomach submucosal 
tissue (approximately 25-50 mm. in diameter) was placed in 
the middle of the inoculated chocolate agar plate and pressed 
onto the surface of the plate to assure that the submucosa 
ussue sticks to the chocolate agar. The experiment was 
conducted in duplicate; two plates having the luminal side of 
ttie submucosa tissue in contact with the chocolate agar, and 
two plates having the abluminal surface of the submucosa 
tissue m contact with the agar. The plates were then incu- 
bated in a Campy jar in the 37° C. aerobic incubator for 3-4 
days After incubation the plates were removed from the 
incubator and Campy jar. The plates were observed to 
determine if there was a zone of inhibition surrounding the 
submucosal membranes. The Kirby-Bauer results show that 
stomach submucosal does not inhibit the growth of H pylori 
or other organisms. 

EXAMPLE 4 

[0043] In-vitro Growth of H. Pylon on Stomach Submu- 
cosa Substrates 

[0044] In a sterile hood, 2mL of sterile saline was trans- 
ferred to a small tube, and the saline was inoculated with H 
pylon by swabbing 2 chocolate agar plates containing H. 
pylon and transferring the bacteria to the sterile saline 
Chocolate agar is a commonly used rich agar medium 
comprising: 



Pancreatic digest of casein: 
Selected meat peptone: 
Com starch 

Dipotassium phosphate 
Monopotassium phosphate 
Sodium chloride 
Agar 

Hemoglobin 

Iso Vitalex enrichment 



7.5 g 
7.5 g 
1.0 g 
4.0 g 
1.0 g 
5.0 g 
12.0 g 
10.0 g 
10. ml 



[0045] 100 /d of the inoculated 2ml saline solution was 
transferred into 5 mL of sterile saline for the McFarland test 
to deterrnirie cell concentration. (5xlO ? X5.1)o0.1Aand thus 
A=2.55xl(r organisms/mL. 

[0046] Serial dilutions of the H. pylori-conUaxnng saline 
solution were then prepared as follows: 300 /d from the 
inoculated 2 mL solution was added to 2700^1 of Walker's 
media giving a 10" 1 concentration. Then, 300 fi\ of the 10" 1 
concentration solution was added to 2700 /d of Walker's 
media to give a 1(T 2 concentration. This method is contin- 
ued until the 10~ 5 concentration is reached. 

[0047] A sheet of stomach submucosa, having the luminal 
side up, was placed on the top of a lid from a 24 well tray 
The lids of a separate sterile 24 well tray were marked with 
the labels of the appropriate controls and samples The 
stomach submucosal tissue was cut into -1 cm pieces using 
a scissors sterilized with alcohol and flamed, and the indi- 
vidual pieces were transferred into the appropriate marked 
wells using forceps sterilized with alcohol and flamed 
Stomach submucosal tissue was placed into the wells either 
with the luminal side facing up or with the luminal side 
facing down. 400 ml of the appropriate concentration (dilu- 
tion) of media plus bacteria (1(T 3 , 10" 4 , 10~ 5 ) was added to 
each of the wells. In addition, a series of "submucosa only 



contror wells were prepared, having only 400 /d of sterile 
saline added to the submucosal tissue containing wells 
Finally, transfer media plus bacteria only (no submucosal 
tissue) was added to the appropriate wells as "bacteria onlv" 
controls. 3 

[0048] The microliter tray was placed into a Campy® 
pouch and incubate for 24 hours at 37° C. in an aerobic (0 2 ) 
incubator. After incubation samples were taken from both 
the supernatant and the membrane of each of the microliter 
wells and plated onto chocolate agar plates. Two samples 
were plated per concentration for dilutions up to 10" 5 
(mcluding the original inoculated saline solution) to deter- 
mine the growth efficiency of the H. pylori cultured in the 
presence of submucosal tissue. 

[0049] To quantitate the number of bacteria present in the 
submucosal tissue supernatant, 100/d of the supernatant was 
removed from the well, plated onto a chocolate agar plate 
and spread with an alcohol flamed hockey stick. To measure 
the number of H. pylon growing in and on the submucosal 
membrane, the cells were isolated from the tissue as follows* 
The submucosal tissue was removed from the well and cut 
into 2 or 3 pieces. These pieces were placed into a centrifuge 
tube containing 4O0 of fresh Walker's media and the tube 
was vortexed for 30 seconds. 100/d of the vortexed solution 
was plated onto a chocolate agar plate and spread with an 
alcohol flamed hockey stick. 

[0050] The inoculated chocolate agar plates were then 
mcubated in a Campy® jar in a 37° C. aerobic incubator for 
3-4 days. The plates were removed from the incubator and 
Campy® jar and number of colonies on each plate was 
determined by observation through a dissecting microscope 
The number of organisms per mL was calculated: Number of 
colonies x the dilution factor (either 10 3 , 10 4 , or 10 s )xl0 (for 
the 100/d placed on the plate)=Tbe number of organisms per 

^vir^'inT? 1 ^ 7 001011165 ° D 10 ~ 3 dilution P late 
^xlO^xlO-S/TxlO 5 organisms/mL. The accumulated data 
from the in vitro culture of H. pylon in the presence of 
stomach submucosa are indicated in Table 1. 

TABLE 1 



Concentration 



Sidedness 



"In membrane" "In supernatant" 



10~ : 



10- 



Inaer up A 
Plate A 

Plate B 
loner up B 
Plate A 

Plate B 
Outer up A 
Plate A 

Plate B 
Outer up B 
Plate A 

Plate B 
Inner up A 
Plate A 

Plate B 
Inner up B 
Plate A 



To contaminated 
to count 
No Growth 

2.0 x 10 s 

Fungus, 
1.3 x 10 s 
Contaminated, 
Fungus, 2.4 x 10 s 
Contaminated, 

2.1 x 10 5 
Fungus, 
1.7 x 10 5 
Fungus, 

2.2 x 10 s 
4.0 x 10 s 

10 x 10 s 

3.0 x 10 s 

2.0 x 10 s 



Fungus, 
3.16 x 10 a 
Fungus, 
2.49 x 10 a 
Contaminated, 
1 38 x 10* 
Con tamina ted, 
TCTC 

Contaminated, 
No Growth 
Contaminated, 
TCTC 
3.21 x 10 a 



3.22 x 10 s 
Contaminated, 
63 x 10° 
Contaminated, 
2.5 x 10° 
Contaminated, 
1.7 x 10 s 
2.5 x 10 6 
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TABLE 1 -continued 



Optics Sidedness ~In mem W" nn sun^.^ 



io~ 5 



Plate fi 
Ouicr up A 
Plate A 

Plate B 
Outer up B 
Plate A 

Plate B 
Inner up A 
Plate A 

Plate B 
Inner up B 
Plate A 

Plate B 
Outer up A 
Plate A 

Plate B 
Outer up B 
Plate A 

Plate B 



Contaminated 
NG 

Contaminated, 
2.0 x 10 s 
Contaminated 
Rmgus, 2J0 x 10 s 
Contaminated, 4J x 10* 
2.7 x 10" 
No Growth 



Contaminated, 
NG 

Contaminated, 
NG 

42 x 10" 



No Growth 



No Growth 
Fungus, 
No Growth 
Fungus, 
No Growth 
Fungus, 
No Growth 
No Growth 

No Growth 



7.0 x 10 s 

2.0 x 10" 

3.0 x 10" 

6.0 x 10" 

Contaminated, 
No Growth 
2.0x10" 

Contaminated, 
4.0x 10" 
2.0x 10 s 



[0051] Results 

E,.^^ VaIues were ""W l ° the num- 
bers obtamed from the original serial dilutions and tie 
McFarland standard to determine the extent oftta proS 
eration that occurred during the incubation of Kpyloriin 

of TabT, 11 ^ 0 ' f St ° maCh SUbmUC0Ml As^au 
of Table 1 indicates, stomach submucosa tissue is capable of 

on die chocolate agar plates increased with each serial 
ddubo. as expected which indicates growth of £ ^ 
Contamination continues to be a problem in these eintri' 

So^r di t\ the ° ptimai £^*£3zs 

Swever *™^ b ™™**™ «* ye. been dWned. 

lit , e5£penments demonstrate stomach submu- 
^ ■ h ** to « />yfo« growth. It is anticipated 

SLT the 1 °P ,unal have been defineHe 

?SaS. W1,h C ° mamiaati0n b * «*« onanisms will t 

[0053] The present experiment analyzed the growth of H 
pylon on stomach submucosal tissue substrates inftj 2£ 
ence of bactenal cell culture media. In an alternate 
embocument, the stomach submucosal tissue subsSSS 



cultoe media. The presence of the eukaryotic ceU culture 
media, and most preferably mammalian edl nSa 
SE?V ^ environment and 

host for microbial residence and pathogenicity. 
[0054] Once the conditions have been optimized for grow- 
mg H. pylon m vitro, the antibiotic sensitivity 7f Tel 
orgamsms can be evaluated in an environment tha more 

fore the culture substrates of the present invention can be 
used not only for detecting the presence of HpyTi tor* I 
source tissue, but can also be utilized to inSate rtJ 
optimal ^antibiotics and antibiotic concenLTnSss£ 
to effectively treat patients infected with H. pylori 

1. A method for identifying and diagnosing prokaryotic 
infectious agents, said method comprising the sleps^f 

obtaining a sample from a source wherein said sample 
contains prokaryotic infectious agents, 

inoaJating a cell growth substrate comprising submu- 
cosal tissue of a warm-blooded vertebrate with the 
sample wherein the submucosal tissue is dominated 
from muscle layers and the luminal portion of tunica 

culruring the sample on said substrate under conditions 

!£ ZIZ proliferation of said prokaryolic ^ 

fiiitssis? 1 wherein - «*«• * «- 

JvLZ^ f ° r * vitro, the growth charac- 

ir^culating a ceU growth substrate comprising submu. 
^ tissue of a warm-blooded vertebrate S wuh the 
prokaryouc infectious agent wherein the submucosal 
ussue is delaminated from muscle layers and the lumi- 
nal portion of tunica mucosa, 

P^aryotic infectious agent on said sub- 
■tale under a selected variable cell growth condition, 

histologically examining the prokaryotic infectious agent 
inoculated on said substrate. 



